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Description 

The present invention relates to a method tor producing a sustained release microsphere preparation. 



5 Prior Art 

Hitherto there have been known some microspheres using biodegradable polymer, which can effectively sustain a 
oharmacoloaical activity of a biologically active substance for a long period of time, and there have also been known 
SS Sudng thereof For instance. Japanese Patent First Publication (Kokai) No. 11851/1982 d,s- 

10 closes a microcapsule-type microsphere preparation prepared by a phase separation technique us.ng coacervatron- 
S a^enrSwevS during the process disclosed in said Japanese Patent First Publication aggregate of par- 
tides easily happens, and since mineral oil or vegetable oil is used therein as a disperse solvent, there are some drf- 
SiTn sSSon and washing of the resulting microspheres. Moreover, the resulting microsphere are often hollow, 
and hence it is difficult to obtain microspheres having a certain and constant quality. 

,5 in Sr to overcome the above mentioned defects, there are dfeclosed several methods for producing m.cro- 
sphe eirsoTvem eSporation method, for example. Japanese Patent First Publication (Kokai) No. 10051*19* i and 
SpaSe Patent First Plication (KokaQ No. 201816/1987 disclose a technique using a water ,n rinM^ 
emulsion. Japanese Patent First Publication (Kokai) No. 216918/1989 discloses one with i an oA in oil {0/0) HBnurtaon. 
a™ Japanese Patent Fi*t Publication (Kokai) No. 91325/1988 and Japanese Patent F.rst Publ.cat.on (Kokai) No. 

so 461 15/1992 disclose the one with an oil in water (O/W) emulsion. 

in general, since most of biologically active substances, which need a sustained release property, are water-solu- 
ble the preparation of microspheres from W/O emulsion or from 0/0 emulsion using the solver, evaporaton method 
wortebLtoirxx^^ 

the solvents from microspheres, and there are many other problems, for example, safety of operaton or e^ronmental 
25 probTerTlSs. there* used a mineral oil or vegetable oil as an external oil phase, in W/O emu s,on and 0/0 emul- 
sion, and hence, it is difficult to collect or to wash the resulting microspheres, and the remaining o.l .n nucrospheres is 

8 ^OnftroSeflSd. in the above mentonedW/O/W method or 0/W method, the e^^ 

ton and hence, there is no problem as mentioned in W/O method or 0/0 method. However, the pharmaceutical artve 

so !n?r^!entTS phase often dissofces out into the external aqueous solution so that the incorporate efto-ency of the 

active ingredient into microspheres becomes low. D . . 

in order to overcome the above mentioned defects, there are disclosed W/O/W methods .n Japanese Patent First 
Publication (Kokai) No. 10051 6/1 985 and Japanese Patent First Publication (Kokai) No. 201816/1987. v^.ch compnses 
dissolving gelatin into the internal aqueous phase. However, the enucleation process must ^ rapMMdtaM nn 

35 WO/W method, and as a result, the proceedings are complicated so that it is necessary to define stnctly *e carbons 
for each step in order to obtain microspheres having a certain and constant properties. In addrtion. this method cannot 
be effectively applied to every medicament, and since such additives as gelatin, arginine, gum arable, etc.. are used to 
IS mSment in the phase in this method, it is also important and significant problem to stenhze these add.- 
t'rves and further to avoid pyrogenation of these additives 

40 Under the above mentioned circumstances, it has been desired to produce microspheres from 0/W emulsjon. 
which can also incorporate a water-soluble pharmaceutical active ingredient at a high rate in viewpoint of operation eff .- 

Cien Howe^ef 2' conventional method for producing microspheres from 0/W emulsion, i.e. the method which com- 
prises dispersing a medicament powder into an oil phase to give an 0/W emulsion, followed by removmg solvente by 

45 the solvent evaporation method, or dissolving a water-soluble medicament in an oil phase conta.n.ng f ^«- misc,bl * 
oroanic solvent to give an 0/W emulsion, followed by removing solvents by the solvent evaporaton method, have some 
defects For example, there is burst-effect (rapid release of medicament within a short period of time), or surtable spe- 
cies of medicaments and biodegradable polymer are limited. In 0/W method wherein the medicament crystals are d.s- 
oersed into oil phase, the water-soluble medicament is not dissolved in the oil phase (i.e. the polymer phase), and 

so hence, the medicament exists heterogeneously in the oil phase in the form of crystalline particles. As a result the ^med- 
icament leaks out into the external aqueous solution in the emulsificaton step. wh.ch causes extremely low .ncorpora- 
tion efficiency of the medicament into the microspheres. Besides, crystals of the medicament make pores on toe 
surface of the microspheres being solidifying during emulsificaton. which often leads to an inrfcal burst as mentioned 

55 ab<>V EP-A-0315875 EP-A-0133988 and EP-A-0058481 disclose solid dispersions which comprise a water-soluble 
pharmaceutical active ingredient dispersed homogenously at molecular level into a water-insoluble bi^egradable 
polymer and a method for preparing said solid dispersions by dissolving a biodegradable polymer and a water-soluble 
Dharmaceutically active agent in one or more solvents in which said biodegradable polymer and the water-soluble phar- 
maScaSy acSve agent both can dissolve, followed by removing the solvents; as the biodegradable polymer polylacfc 
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acid or lactic acid-glycolic acid copolymer can be used. . 

The earlier European Patent Application 92 104 995 (EP-A-0505 966 (priority date of MMIBj ^bNtav- 
acting biodegradable microparticles containing therapeutically active peptides as active ingredients and poly(lact.d-co- 
glycolids) ascarrier substance; these microspheres can be obtained by suspending or dissolving the pept.de in a solu- 
5 tion of the carrier material, and spray drying this suspension or solution. 

Brief Description of the Invention 

An object of the present invention is to provide a method for producing a sustained release microsphere prepara- 

10 ** Subject matter of the present invention is a method for producing a sustained release microsphere preparation 

according to Claim 1. 

Preferred embodiments thereof are subject matter of Claims 2 and 3. 

Further subject matter is a sustained release microsphere preparation obtained by the method accordrng to the 
is present invention. 

Rrirf Descri ption o f Drawings 

Fig. 1 shows X-ray powder diffraction patterns of Solid Dispersion 1 prepared in Example 1 and the other starting 

so materials^ ^ r*m* profile of the active ingredient from Preparation 2 prepared in Example 2. 
Fig 3 shows the release profile of the active ingredient from Preparation 3 prepared in Example 3. 
Fig. 4 shows the release profile of the active ingredient from Preparation 4 prepared in Example 4. 

ss Detailed Des cription of the Invention 

The present inventors have intensively studied, and have found that before emulsification for producing micro- 
soheres there is obtained a solid dispersion containing a water-soluble pharmaceutical active ingred.ent dispersed in 
^biodegradable polymer homogeneously at molecular level by dissolving a biodegradable polymer and a water-soluble 
pharmaceutical active ingredient in one or more solvents in which they both dissolve, and followed by removing the sol- 
vents therefrom, and further found that by using said solid dispersion, there is obtained a sustained 'eteasemrcro- 
sphere preparation having a high incorporation efficiency of the medicament with low .mta burst, that is. by dis^Mng 
said solid dispersion thus obtained in an organic solvent (said solvent being water-immisable and having a baling pant 
of below 100°C). emulsifying the resulting solution (oil phase) into an aqueous phase to give an oil in water (O/W) emul- 
sion and removing the organic solvent from the oil phase of the resulting emulsion. 

The method of the present invention can be applied to water-soluble medicaments which cannot d.ssotve in water- 
immiscible organic solvents such as methylene chloride, chloroform, carbon tetrachloride, dichloroethane et<^ for 
example, thyrotropin-releasing hormone (TRH), luteinizing hormone releasing hormone (LH-RH). cak^on^^-methyl- 
4 sXdroor^istidyl-prolinamide. nicotinamide, and the like. Most of these medicaments are soluble not only in 
water but also in acetonitrile. ethanol. methanol. 1 - or 2-propanol. 1 - or t-butanol. and the like. Accordingly, among these 
solvents a solvent which can dissolve also a biodegradable polymer is used for preparing a solid dispersion of the 
present invention. In addition, when a biodegradable polymer cannot dissolve in one of these solvents. a\ 
polymer and a water-soluble medicament are dissolved in a mixture of the above mentioned solvents and a water- 
immiscible organic solvent to give effectively a solid dispersion of the present invention. „ 
As mentioned above, any medicament which is not soluble in water-imm.sc.ble organic solvents (e.g. methylene 
chloride chloroform, carbon tetrachloride, dichloroethane. etc.) but be water-soluble, can be used in the microsphere 
preparation of the present invention, for example, anticancer agents, antibiotics, antipyretics, analgesics, immune stim- 
ulator immune suppressive agents, antiinflammatory agents, antiepileptics. agents for improving cerebral disorders 
antihistamic agents, hypotensive diuretics, antidiabetics, muscle relaxant, anti-ulcer agents, antidepressant, a"tia'erg.c 
agents, cardiotonics, antiarrhythmic agents, vasodilators, anticoagulants, narcotic antagonists, hemostatics, antrtuber- 
cular agents, hormones, and the like. .. 

The biodegradable polymer, which is used as a polymeric matrix for the microspheres of the present invention may 
be any polymer which does not show any biological activities and is easily decomposed and disappears in the living 
body but it is more effective to use a biodegradable polymer which dissolves in both wateHmm.sc.b e aganic sotvente 
(eg methylene chloride, chloroform, carbon tetrachloride, dichloroethane, etc.) and water-m.sc.ble orgamc solvents 
e* acetonitrile. acetone, etc.). Suitable examples of the biodegradable polymer are hydroxy acic I polyest «™ 
ole polymers of lactic acid, glycolic acid and hydroxybutyric acid, or copolymer thereof, or a mixture thereof. Suitable 
examples of such biodegradable polymers include polylactic acid, polyglycolic acid polyhydroxybutyr.c aac L poly y- 
capSactone. poly 8-valerolactone. lactic acid-glycolic acid copolymer, etc. Particularly, polylactic acid and lactic acd- 



30 



40 



45 



50 



55 



3 



EP0 586 838 B1 



15 



20 



clycolic acid copolymer (hereinafter referred to as "copoiy(lactic/glycolic) acid"), having a molecular weight of 5.000 to 
mVoo areTre preferable. Besides, these polymers can be used either alone or in the form of a mixture of two or 

^TnTcolnt of a water-soluble medicament is not specified, and varies depending on the types of the med'came^ 
to be us^te de^red pharmacological effects, and the releasing time to be required but it is preferably .n the range 
SabouToi M%w/w more preferably in the range of about 1 to 20 % w/w to the biod gradable polymer. 

^e sole* S^d for preparation ofthe present so.id dispersion may be water or any organic so^to^ar a 
mixture Xo or more, and is selected depending on the types of the biodegradable polymer *<* wate^soluW e med^- 
^i to be used but the most suitable solvent is one which can dissolve both the water-soluble medicament and 
bTcSeafad^e %!£ and c J produce a solid dispersion when drying. When polylactic acid or copoly(.actc/g.yco..c) 
S te us^i a tSUSZ Polymer, the solvent for dissolving the polymer may be either water-immiscible organic 
SCnistS chloride chloroform, carbon tetrachloride, dichloroethane. etc.) or water-m.sc.We organic 
vents a acSile acetone, etc.). However, as mentioned above, in order to obtain a des.red sold d.spers.on. rt is 
ne^sSry for sa* TSvent to dissolve both the water-so.uble medicament and biodegradable 
XnT^ent fn which both a water-soluble medicament and biodegradable polymer are soluble « used, adesirad 
22 1 ^Mton is^asily obtained by using said solvent alone. However, when one of the above-mentioned^ water- 
SeSsed Sr disslng a biodegradable polymer, the water-soluble "f^^ *f * 
kwtaSna herein In such a case, rt is effective to add an organic solvent which is a water-m.sc.We and is also 
SewTthe^^ 

noM aT-LanoTeto.) into the mixture for preparing a solid dispersion. When two or moreof the ^gan^c solvents are 
used toother S°s p7e erabte to use sofcents of which boiling points are not much different but about the same The 
^rSoi'^e^tvents varies depending on the types and me amount of the <«^* ^ *~ 

tradable oolymer to be dissolved, but it is determined so that both components can d.ssolve therem. 

^t^eparing a solid dispersion of the present invention, rt is also effective to add synthetic or natora.^me^ 
(egZ^nyfoy^done. gelatin, etc.). surfactants (e.g. polyoxyethylene hydrogenated castor oil. etc) rt*d« 
^^(egpTye^enegtycol, etc.). sugars, amino acids, peptides, fats and oils, etcjnto a water^luWemed^- 
menl and bfoJegradable polymer so as to improve the solubilrty of the water-soluble med«ament and fa**"** 
Xm i SSSm thVindustrial efficiency and dissolution. pattern and rate of the microspheres of the present 

inVe Th 0 e n desired solid dispersion is obtained^ removing these solvents by evaporation, for example by heating the 
mixti^ urSrVeSced pressure in a closed system, or by spray-drying, and the like. In this case, rt is suggested to 
S an aoMiSus foTrecovering all organic solvents to be removed for protection of the earth environment 

^ rtSTSi. is used for dissolving the solid dispersion, may be any organic so^ert w^|S water- 
ImnMtort hasa S»ing point of below 100°C. for example, methylene chloride. "^^"Z*^ 
SSS ta Hke Ocularly, when polylactic acid or cx^polydactic/glycolic) aad is used as a biodegradable 

JSSmmSZ To the aqueous solution used in this step is preferably added a emu.srty.ng agent in order to 
emulsrfication efficiency. The emulsifying agent may be any conventional one. "*^***»Z 
40 alcohols (e a polyvinyl alcohol, polyethylene glycol, etc.). surfactants, polysacchandes (e.g chrtosan etc.) gelatin. 
fluTa^c *JSS X The emulsifying agent is used in an amount of 0.01 to 10 % w/v preferably 0.1 to 2 % w* 
9 ^elmulSicaSon procedure is carried out by a conventional method, for example, by us.ng stirrer wrth propeller, 
turbine imoelleremulsifier. ultrasonic dispersion mixer, high-pressure emulsifier, and the like. 

SeSequem removal of the organic solvent from the oil phase of the emulsion thus obta.ned can be conducted 
ds bv the conventional method (e.g. the solvent evaporation method). 

" For^nesolvenl removal can be carried out by stirring the emulsion under heating on "™™*>* 
is orefeStorecover the organic solvent to be removed. Sir^e the heating rate, rate of stirring arxl degree erf agitation 
in SSel of reducing pressure in vacuo-method affect the yieW and the quality of the desired m,cro- 
soheres it is necessary to define and control suitable conditions. ...... 

so ThJ mfcroSheres thus obtained can be collected by centrif ugation, filtration, etc., and washed by distill* water 
andJe ^S therein is removed by drying in air or lyophilization. etc.. to give the microsphere preparation of the 

^eTverage particle size of the microsphere preparation of the present invention is in the range of about 1 to 100 
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Examples 



The present invention is illustrated in more detail by the following Examples. Reference Examples and Experi- 
ments, but should not be construed to be limited thereto. 
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Example 1 

A copoly(lactic/glycolic) acid copolymer (50:50. modular weight; about 20,000, referred to as PLGA 5020, 900 
mg) and 1 -methyl-4,5-dihydroorotyl-histidyl-prolinamide (100 mg), which is a TRH derivative, are dissolved in a mixture 
s of ethanol (1 ml) and methylene chloride (2 ml), and the mixture is evaporated to remove the organic solvents with 
Speed Vac Concentrator (manufactured by SAVANT CO., LTD.) to give a solid dispersion (referred to as Solid Disper- 
sion 1). 

Solid Dispersion 1 is dissolved in methylene chloride (1.5 ml), and this organic solution is emulsified into a 0.5 % 
aqueous polyvinyl alcohol solution (400 ml) at 15°C, with Polytron Homogenizer (manufactured by Kinematica Co., Ltd.) 
70 at 1 0,000 rpm. for two minutes to give an oil in water (O/W) emulsion, which is subjected to removal of solvent by warm- 
ing from 15°C to 30°C taking over a period of three hours, while stirring the mixture at 400 rpm with a paddle having 
four wings, to give microspheres. The microspheres are collected by centrifugation, washed three times with distilled 
water, and subjected to lyophilization to remove the moisture. The microspheres thus obtained have average molecular 
size of about 50 |im, and the most thereof have a particle size of below 100 jim (Preparation 1). 

15 

Example 2 

PLGA 5020 (900 mg) and 1-methyl-4,5-dihydroorotyl-histidyl-prolinamide (100 mg) are dissolved in a mixture of 
acetonitrile (5 ml) and ethanol (1 ml), and the mixture is evaporated with Speed Vac Concentrator (manufactured by 
20 SAVANT CO., LTD.) to remove the organic solvents to give a solid dispersion (Solid Dispersion 2), which is dissolved in 
chloroform (1.5 ml), and the organic solution is emulsified into a 0.5 % aqueous polyvinyl alcohol solution (400 ml) at 
15°C. The resulting emulsion is treated in the same manner as in Example 1 to give microspheres (Preparation 2). 

Example 3 

25 

PLGA 5020 (900 mg) and TRH (100 mg) are dissolved in a mixture of acetonitrile (5 ml) and ethanol (1 ml), and the 
mixture is evaporated with Speed Vac Concentrator (manufactured by SAVANT CO., LTD.) to remove the organic sol- 
vents to give a solid dispersion (Solid Dispersion 3), which is dissolved in methylene chloride (1.5 ml), and the organic 
solution is emulsified into a 0.5-% aqueous polyvinyl alcohol solution (400 ml) at 15°C. The resulting emulsion is treated 
30 in the same manner as in Example 1 to give microspheres (Preparation 3). 

Example 4 

PLGA 5020 (900 mg) and LH-RH (50 mg) are dissolved with warming in a mixture of acetonitrile (5 ml) and ethanol 
35 (3 ml), and the mixture is evaporated with Speed Vac Concentrator (manufactured by SAVANT CO. , LTD.) to remove the 
organic solvents to give a solid dispersion (Solid Dispersion 4), which is dissolved in methylene chloride (1.5 ml). This 
organic solution is treated in the same manner as in Example 1 to give microspheres (Preparation 4). 

Example § 

40 

PLGA 5020 (900 mg) and 8-hydraxy-5-[(1R)-1-hydroxy-2-[N-((1R)-2-(p-methoxyphenyl)-1-methyle^ 
thyl)amino]ethyl]carbostyril hydrochloride (100 mg) are dissolved in a mixture of acetonitrile (5 ml), ethanol (1 ml) and 
water (0.5 ml), and the mixture is evaporated with Speed Vac Concentrator (manufactured by SAVANT CO., LTD.) to 
remove the organic solvents to give a solid dispersion (Solid Dispersion 5), which is dissolved in methylene chloride (1 .5 
45 ml). This organic solution is treated in the same manner as in Example 1 to give microspheres (Preparation 5). 

Example 6 

PLGA 5020 (700 mg), TRH (100 mg) and polyvinylpyrrolidone (200 mg) are dissolved in acetonitrile (100 ml), and 
so the mixture is subjected to spray-drying to remove the acetonitrile to give a solid dispersion (Solid Dispersion 6), which 
is dissolved in chloroform (1.5 ml). The organic solution is treated in the same manner as in Example 1 to give micro- 
spheres (Preparation 6). 

Example 7 

55 

PLGA 5020 (700 mg) and TRH (100 mg) are dissolved in acetonitrile {100 mi), and thereto is added a solution of 
gelatin (200 mg) in water (1 ml), and the mixture is well mixed. The mixture is subjected to spray-drying to remove the 
acetonitrile to give a solid dispersion (Solid Dispersion 7), which is dissolved in chloroform (1 .5 ml). This organic solu- 
tion is treated in the same manner as in Example 1 to give microspheres (Preparation 7). 
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Example 8 

PLGA 5020 (700 mg), TRH (100 mg) and polyethylene glycol (200 mg) are dissolved in acetonitrile (100 ml), and 
the mixture is subjected to spray-drying to remove the acetonitrile to give a solid dispersion (Solid Dispersion 8), which 
is dissolved in chloroform (1 .5 ml). This organic solution is treated in the same manner as in Example 1 to give micro- 
spheres (Preparation 8). 

Example 9 

PLGA 5020 (700 mg), TRH (100 mg) and polyoxyethylene hydrogenated castor oil (HCO-60, manufactured by 
Nikko Chemicals, 200 mg) are dissolved in acetonitrile (100 ml), and the mixture is evaporated by spray-drying to 
remove the acetonitrile to give a solid dispersion (Solid Dispersion 9), which is dissolved in chloroform (1.5 ml). This 
organic solution is treated in the same manner as in Example 1 to give microspheres (Preparation 9). 

Example 10 

PLGA 5020 (800 mg) and 1-methyl-4,5-dihydroorotyl-histidyI-prolinamide (200 mg) are dissolved in a mixture of 
methylene chloride (2 mi) and ethanol (1 ml), and the mixture is evaporated with Speed Vac Concentrator to remove the 
organic solvents to give a solid dispersion (Solid Dispersion 10). which is dissolved in methylene chloride (1 .5 ml). This 
organic solution is emulsified into a 0.5 % aqueous polyvinyl alcohol solution (400 ml) at 15°C, and treated in the same 
manner as in Example 1 to give microspheres (Preparation 10). 

Reference Example 1 

1-Methyl-4,5-dihydroorotyl-histidyl-prolinamide powder (100 mg), which is previously ground in an agate mortar, is 
added to a solution of PLGA 5020 (900 mg) in methylene chloride (1 .5 ml), and the mixture is dispersed as much homo- 
geneously as possible by applying ultrasonics thereto. This mixture is emulsified into a 0.5 % aqueous polyvinyl alcohol 
solution (400 ml) at 15°C, and treated in the same manner as in Example 1 to give microspheres (Reference Prepara- 
tion of Preparation 1). 

Reference Example 2 

1-Methyl-4 f 5-dihydroorotyl-histidyl-prolinamide powder (100 mg), which is previously ground in an agate mortar, is 
added to a solution of PLGA 5020 (900 mg) in chloroform (1 .5 ml), and the mixture is dispersed as much homogene- 
ously as possible by applying ultrasonics thereto. This mixture is treated in the same manner as in Reference Example 
1 to give microspheres (Reference Preparation of Preparation 2). 

Reference Example 3 

TRH powder (100 mg), which is previously ground in an agate mortar, is added to a solution of PLGA 5020 (900 
mg) in methylene chloride (1 .5 ml), and the m\x\ure is dispersed as much homogeneously as possible by applying ultra- 
sonics thereto. This mixture is treated in the same manner as in Reference Example 1 to give microspheres (Reference 
Preparation of Preparation 3). 

Reference Example 4 

LH-RH powder (50 mg), which is previously ground in an agate mortar, is added to a solution of PLGA 5020 (900 
mg) in methylene chloride (1 .5 ml), and the mixture is dispersed as much homogeneously as possible by applying ultra- 
sonics thereto. This mixture is treated in the same manner as in Reference Example 1 to give microspheres (Reference 
Preparation of Preparation 4). 

Reference Example 5 

8-Hydroxy-5-[(1 R)-1 -hydroxy-2-[N-((1 R)-2-(p-methoxyphenyl)-1 -methylethyl)amino]ethyl]carbostyril hydrochloride 
powder (100 mg), which is previously ground in an agate mortar, is added to a solution of PLGA 5020 (900 mg) in meth- 
ylene chloride (1.5 ml), and the mixture is dispersed as much homogeneously as possible by applying ultrasonics 
thereto. This mixture is treated in the same manner as in Reference Example 1 to give microspheres (Reference Prep- 
aration of Preparation 5). 



6 



EP0 586 838B1 



ReferQQCQ Example g 

1-Methyl^,5^ihydroorotyl-hjstidyliDrolinamide pcwdk (200 mg), which is previously ground in an agate mortar, is 
added to a solution of PLGA 5020 (800 mg) in methylene chloride (1 .5 ml), and the mixture is dispersed as much homo- 
5 geneously as possible by applying ultrasonics thereto. This mixture is emulsified into a 0.5 % aqueous polyvinyl alcohol 
solution (400 ml) at 15°C, and treated in the same manner as in Reference Example 1 to give microspheres (Reference 
Preparation of Preparation 6). 

Reference Examples 7-9 

TO 

PLGA 5020 (800 mg) and 1 -methyl-4 f 5-dihydroorotyl-histidyl-prolinamide powder (200 mg) are dissolved in a mix- 
ture of methylene chloride and ethanol (ratio; 1 .35 ml : 0.1 5 ml, 1 .2 ml : 0.3 ml, 1 .05 ml : 0.45 ml, respectively), and the 
mixture is emulsified into a 0.5 % aqueous polyvinyl alcohol solution (400 ml) at 15°C, and treated in the same manner 
as in Example 1 to give microspheres (Reference Preparations of Preparation 10). 

15 

Experiment 1 

Solid Dispersion 1 , which is prepared in Example 1 , was subjected to X-ray powder diffraction and differential scan- 
ning calorimeter (DSC) analysis. Fig. 1 shows the X-ray powder diffraction pattern. In Fig. 1 , A is the pattern of Solid 

20 Dispersion of the present invention, B is the pattern of a physical mixture of copoly(lactic/glycolic) acid copolymer and 
1-methyl-4,5-dihydroorotyl-histidyl-prolinamide, C is the pattern of copoly(lactic/glycolic) acid copolymer powder, and D 
is the pattern of 1-methyl-4,5-dihydroorotyl-histidyl-prolinamide powder, respectively. As shown in Fig. 1, the peak 
derived from the medicament disappeared from the pattern of Solid Dispersion 1 . From the results of DSC analysis, the 
peak around the melting point of the medicament disappeared, which means that Solid Dispersion 1 was amorphous. 

25 Furthermore, when Solid Dispersions 1 -4 prepared in Examples 1 -4 were dissolved in methylene chloride (or chlo- 
roform tor Solid Dispersion 2), these solutions were all clear, and they did not precipitate at least for one hour, which is 
supposed to be a result of that the medicament and the biodegradable polymer form a solid dispersion. When Solid Dis- 
persion 5 prepared in Example 5 was dissolved in methylene chloride in order to obtain an oil phase, the mixture was 
not clear but pale blue color, which means that there were produced sub-micron particles of the medicament. These 

30 sub-micron particles apparently had a smaller particle size than the original medicament. 

The incorporation efficiency of the medicament of Preparations 1-5, and Reference Preparations thereof were 
measured by high performance liquid chromatography or UV spectrophotometry. The results are shown in Table 1. 



Incorporation Efficiency of Medicament 




Preparation 


Reference Preparation 


1 


100.4% 


77.2% 


2 


87.5% 


55.9% 


3 


94.4% 


76.8% 


4 


97.3% 


36.8% 


5 


40.0% 


32.5% 



As is shown in Table 1 , each Preparation showed higher incorporation efficiency than Reference Preparation 
so thereof. Particularly Preparations 1 -4, wherein solid dispersion was formed, showed extremely much higher incorpora- 
tion efficiency than Reference Preparation thereof. 

As a dissolution test, the following experiment was carried out. The microspheres (10 mg) obtained in Examples 2- 
4 were put into a test tube, and thereto was added an isotonic phosphate buffer (pH 7.4, 10 ml), and the mixture was 
shaken at 60 times/min, which continued for a certain period of time. The dissolution percentage of the active ingredient 
55 was measured. The results are shown in Figures 2-4. 

As is shown in Figures 2-4, the initial burst (the rapid release of the medicament at the initial stage of the dissolution 
test) of Preparations 2-4 were much smaller than that of Reference Preparation thereof. 
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Experiment 2 

The incorporation efficiency of the medicament and the dissolution percentage at the first day after the starting of 
the dissolution test (the initial burst) were measured for the microspheres obtained in Example 10 and Reference Exam- 
s pies 6-9. The results are shown in Table 2. 



Table 2 



Incorporation Efficiency of Medicament and Initial Burst 




Incorporation Efficiency 


Initial Burst 


Method for Preparation 


Appearance of Oil Phase 


Ex.10 


78.0 % 


8.2% 


Present Method (Solid Disper- 
sion Method) 


Gear 


Ref. Ex 6 


57.1 % 


10.4% 


Suspension 


Turbid 


Ret. Ex. 7 


67.7% 


13.7% 


Ethanol-addition Method (10 %) 


Turbid 


Ref. Ex. 8 


57.9% 


10.1% 


The same as above (20 %) 


Clear 


Ref. Ex. 9 


50.8% 


25.9% 


The same as above (30 %) 


Clear 



20 



As is clear from Table 2, although the incorporation efficiency of the medicament could be increased in the method 
comprising addition of an adequate amount of ethanol into oil phase, the present method was more efficient and effec- 
25 tive in this point than those methods. 

Effects of the Invention 

According to the present method, a sustained release microsphere preparation can be obtained by forming a solid 
30 dispersion having a water-soluble medicament dispersed in a biodegradable polymer homogeneously at molecular 
level, dissolving the solid dispersion into an oil phase, dispersing the oil phase in aqueous phase to give an oil in water 
(O/W) emulsion, and followed by removing solvent from the oil phase of the resulting emulsion. The microsphere prep- 
aration thus obtained shows higher incorporation efficiency of the medicament, and low initial burst, and hence, it is 
excellent and useful as a sustained release preparation of water-soluble medicament. 

35 

Claims 

1. A method for producing a sustained release microsphere preparation, which comprises (a) preparing a solid dis- 
persion by dissolving a biodegradable polymer and a water-soluble pharmaceutical^ active ingredient in one or 

40 more solvents in which said biodegradable polymer and water-soluble pharmaceutical^ active ingredient both can 
dissolve, followed by removing the solvents therefrom, (b) dissolving the solid dispersion obtained in step (a) in an 
organic solvent, said solvent being water-immiscible and having a boiling point of below 1 00 °C, (c) emulsifying the 
resulting solution (oil phase) into an aqueous phase to give an oil-in-water (O/W) emulsion, and (d) removing the 
organic solvent from the oil phase of the resulting emulsion. 

45 

2. The method according to Claim 1 , wherein the organic solvent is methylene chloride, chloroform, carbon tetrachlo- 
ride or dichlorethane. 

3. The method according to Claim 1 or 2, wherein the biodegradable polymer is polylactic acid or lactic acid-glycolic 
so acid copolymer. 

4. A sustained release microsphere preparation obtained by a method according to any of Claims 1 to 3. 
Patentanspruche 

55 

1 . Verfahren zur Herstellung einer Zubereitung von Mikrospharen mit verzogerter Freigabe, umfassend (a) Herstellen 
einer testen Dispersion durch Auf losen eines biologisch abbaubaren Polymers und eines wasserlOslichen, phar- 
ma2eutisch aktiven Bestandteils in einem Oder mehreren L&sungsmitteln, in dem oder denen sich das biologisch 
abbaubare Polymer und der wasserlGsliche, pharmazeutisch aktive Bestandteil auflCsen kfinnen, mit anschlieBen- 
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dem Entfernen der LOsungsmittel davon, (b) AuflOsen der in Schritt (a) erhaltenen festen Dispersion in einem orga- 
nischen LOsungsmittel, wobei dieses LOsungsmittel mit Wasser nicht mischbar ist und einen Siedepunkt von 
weniger als 100°C besitzt, (c) Emulgieren der resultferenden LOsung (Olpbase) zu einer wassrigen Phase, unter 
Erhalt einer Ol-in-Wasser-(0/W)-Emulsion, und (d) Entfernen des organischen LOsungsmittels von der Olphase 
5 der resultierenden Emulsion. 

2. Verfahren nach Anspruch 1, worin das organische LOsungsmittel Methylenchlorid, Chloroform, Tetrachlortohlen- 
stoff Oder Dichlorethan ist. 

10 3. Verfahren nach Anspruch 1 Oder 2, worin das biologisch abbaubare Polymer Polymilchsaure Oder Milchsaure-Gly- 
kolsaure-Copolymer ist. 

4. Zubereitung von Mikrospharen mit verzOgerter Freigabe, erhalten durch ein Verfahren nach einem der AnsprOche 
1 bis 3. 

15 

Revendications 

1 . Procede pour obtenir une preparation de microspheres a liberation retard6e, qui comprend (a) (a preparation d'une 
dispersion solide par dissolution d'un polymere biodegradable et d'un ingredient pharmaceutiquement actif soluble 

20 dans I'eau dans un ou plusieurs sotvants dans lesquels ledit polymere biodegradable et ledit ingredient pharma- 
ceutiquement actif soluble dans I'eau peuvent tous deux se dissoudre, suivie de reiimination des sotvants, (b) la 
dissolution de la dispersion solide obtenue dans retape (a) dans un sofvant organique, ledit solvant etant non mis- 
cible a I'eau et ayant un point d'ebuilition inferieur a 100°C, (c) la mise en emulsion de la solution resultante (phase 
huileuse) dans une phase aqueuse pour donner une emulsion huile dans I'eau (H/E) et (d) reiimination du solvant 

25 organique de la phase huileuse de remulsion resultante. 

2. Procede selon la revendication 1 , dans lequel le solvant organique est le chlorure de methylene, le chloroforme, le 
tetrachlorure de carbone ou le dichloroethane. 

30 3. Procede selon la revendication 1 ou 2, dans lequel le polymere biodegradable est I'acide polylactique ou un copo- 
lymer acide iactique/adde glycolique. 

4. Preparation de microspheres a liberation retardee obtenue par un procede selon I'une quelconque des revendica- 
tions 1 a 3. 

35 
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Fig. 2 
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Fig. 3 
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